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Resumo: Tal como noutros países, a população de gaivotas 
(larídeos) aumentou exponencialmente em Portugal. Para averi-
guar as implicações na Saúde Pública deste sobrecrescimento, 
duzentas e oitenta e cinco amostras de fezes de gaivotas foram 
analisadas para dois agentes potencialmente patogénicos para o 
Homem, Salmonella spp. e Listeria sp. Isolou-se Salmonella sp 
em trinta e sete amostras (13%). Os serotipos mais frequentes 
foram Salmonella Typhimurium (37,8%) e Samonella Derby 
(18,9%). Em seis amostras estavam presentes simultaneamente 
dois serotipos. O estudo dos isolados antibioresistentes (68,7%) 
revelou 24 perfís diferentes. Dois fagotipos foram encontrados 
para Salmonella Typhimurium 5+: PT 12 e U302. Listeria sp. 
estava presente em vinte e oito amostras (9,8%), das quais, 
em dezassete, isolou-se Listeria monocytogenes  (6%). Outras 
espécies isoladas foram Listeria seeligeri (0,7%), L. innocua 
(5,3%) e L. welshimeri (0,7%). Sete amostras estavam simul-
taneamente contaminadas por duas ou mais espécies. Dezoito 
isolados de L. monocytogenes foram serotipificados, fagotipa-
dos e estudada a sua sensibilidade ao arsénio e cádmio, sendo 
reconhecidas 10 estirpes diferentes. Ambos géneros bacterianos 
estavam presentes simultaneamente em doze amostras (4,2%). 
Os autores tecem algumas considerações epidemilógicas acerca 
da relevância dos marcadores encontrados como o reflexo de 
problemas de acondicionamento e tratamento de resíduos, na 
área geográfica estudada.
Summary: As in other countries, the population of gulls (Lari-
dae) has been increased exponentially  in Portugal. To evaluate 
the public health implications of this development, two hundred 
and eighty-five samples of gulls’ faeces were investigated for 
two bacteria species of zoonotic importance, Salmonella spp. 
and Listeria sp. Thirty-seven (13.0 %) samples were positive 
for Salmonella spp. Amongst these, teh most common serovars 
were Salmonella Typhimurium (37.8%) and Salmonella Derby 
(18.9%). Simultaneously presence of two different serovars 
was detected in six samples. Twenty four different antibi-
oresistance profiles were detected in Salmonella sp. isolates 
(68.7%).Phage-types found for Salmonella Typhimurium 5+ 
were PT 12 and U302. Listeria spp. were present in twenty-eight 
(9.8%) samples, seventeen of which had Listeria monocytogenes 
(6.0%). Other species isolated were Listeria seeligeri (0.7%), L. 
innocua (5.3%), and L.welshimeri (0.7%). Seven samples were 
co-contaminated with two or more species. A combination of 
serotyping, phage-typing, cadmium and arsenic sensitivities 
were used to subtype 18 of the L. monocytogenes isolates rec-
ognising at least 10 different strains. Both bacterial genera were 
simultaneously isolated from twelve samples (4.2%). Several 
epidemiological  explantion and the possible significance as 
markers waste management in the geographical area studied are 
discussed.  
Introduction
Salmonella spp. and Listeria monocytogenes are two 
of the most significant causes of foodborne and water-
borne diseases worldwide. Salmonellae are carried 
in the intestinal tract and internal organs of farm and 
wild animals. In the marine environment, Salmonella 
spp. is thought to cause little or no disease (Minette, 
1986), with carrier animals including birds, reptiles, 
amphibians, arthropods, and cetaceans. 
In the last decades, L. monocytogenes has been a 
saprozoonotic bacteria frequently incriminated in 
severe human epidemics and sporadic cases of food-
borne or waterborne illness, typically resulting from 
consumption of contaminated food (Jones, 1991).
L. monocytogenes is widely spread in the envi-
ronment and frequently found in human and animal 
foodstuff, water, soil and several wild and domestic 
animals (Benton et al., 1983; Arvanitidou et al., 1997; 
Fenlon, 1999).
Around the world, the number of gulls (Laridae) 
has increased exponentially, as result of adaptation 
to urban habitats and unconventional food resources, 
and  to lesser extent  protection by law from capture 
and destruction of eggs..Their number has reached a 
critical point in some geographical areas, endangering 
other seashore species (Furness and Monaghan, 1987), 
leading to the implementation of drastic population 
control measures, including culling programs sup-
ported by governmental environmental organisations 
(Monaghan et al., 1985; Morais et al., 1998).  
Apart from the ecological  imbalance associated 
with population growth, gull faeces are considered to 
cause the deterioration of city buildings and monu-
ments (Furness and Monaghan, 1987), as well as being 
a potential public health hazard through faecal conta-
mination of drinking and recreational waters (Gould 
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and Fletcher, 1978; Johnston et al., 1979; Benton 
et al., 1983; Lévesque et al., 1993; Lévesque et al., 
2000) and pasture (Williams et al., 1976; Williams et 
al., 1977; Reilly et al., 1981).
Laridae are marine birds wich occupy a habitat that 
substantially overlaps with human  activities and are 
reported to spread various animal pathogens (Crewe, 
1967; Olsen et al., 1995; Garza et al., 1997). The 
latter include zoonotic bacteria, including Salmonella 
spp. and Listeria sp. (Williams et al., 1976; Williams 
et al., 1977; Johnson et al., 1979; Coulson et al., 
1983; Kapperud and Rosef, 1983; Fenlon, 1985; Gir-
dwood et al., 1985; Monaghan et al., 1985; Quessy 
and Messier, 1992; Lévesque et al., 1993; Hubálek et 
al., 1995; Weber et al., 1995; Bouttefroy et al., 1997; 
Palmgren et al., 1997) 
The purpose of this preliminary study was to 
evaluate the role of the two major seagull species, 
yellow-legged gull (Larus cachinnans) and lesser-
black-backed gull (Larus fuscus) that permanently 
or seasonally occupy habitats along the Portuguese 
coast, near Lisbon city, as carriers of Salmonella spp. 
and Listeria sp. Epidemiological markers (antibiotic 
resistance profiles and typing) were used in order to 
identify the source of contamination, and to determine 
if the proximity to urban coastal areas was relevant for 
the carriage.
Material and methods
Sampling
Two hundred and eighty-five (N=285) samples 
were collected from five seashores, near Lisbon. The 
individual gulls’ faecal excretions were obtained at 
seventeen different times, each one corresponding 
to a batche of samples, in the early morning, imedia-
tly after observation of the flocks in the beach sand 
(Table 1). Four samplings were taken from contiguous 
locations near Lisbon City, in a densely human popu-
lated area, and the fifth beach (Fonte da Telha beach) 
is located at the south coast, corresponding to a less 
populated geographical area. Seagulls’ fresh faecal 
material was individually collected from the sand, , 
and tranferred into a sterile plastic bag, transported to 
the laboratory within 2 hours and immediately proces-
sed. 
Salmonella spp. and Listeria spp. isolation and 
identification
Isolation and identification of Salmonella spp. and 
Listeria spp. was undertaken using two conventional 
detection methods. At a first stage, samples were pre-
enriched in buffered peptone water (Oxoid CM 509) 
for 24 hours, at 30 ºC.
For Listeria spp., selective enrichment was done 
using University Vermont medium with supplement 
1 (Oxoid CM 863, SR 142) at 37 ºC for 48 hours. 
Isolations were performed on Palcam agar (Oxoid 
CM 8719, SR 150E), incubated for 24-48 hours at 
37 ºC.  Four or five typical presumptive isolates were 
cultured in Triptona soya agar (Oxoid CM 131) with 
0.6% yeast extract (Difco 0127-01-7), incubated at 37 
ºC for 24 hours, and confirmed by conventional tests: 
catalase test, motility at room temperature, CAMP test 
and hemolysis tests performed on Columbia agar plus 
5% sheep-blood (Bio-Mérieux 43041). Isolates were 
biochemically identified by API Listeria test kit (Bio-
Mérieux 10300). 
Salmonella spp. selective enrichment was undertaken 
in Selenite-cystine broth (Difco 0687-17-1), incubated 
at 37 ºC during 24 hours and Rappaport-Vassiliadis 
broth at 42 ºC for 24 hours (Oxoid CM 669). Isola-
tions were performed from each selective enrichment 
on Brilliant Green agar (Oxoid CM 263) and Hektoen 
enteric agar (Oxoid CM 419) plates, incubated for 24 
hours at 37 ºC. 
Confirmatory tests included cultures in Triple sugar 
iron agar (Oxoid CM 277), biochemical tests using 
API 20E test kit (Bio-Mérieux 20100) and serologi-
cal agglutination with polyvalent Salmonella antisera 
(Difco).
Epidemiological markers for Salmonella and Liste-
ria monocytogenes 
Salmonella spp. isolates were serotyped using both 
somatic and flagella antisera according to the Spice-
Edwards scheme (Difco Laboratories, Detroit, MI). 
The antibiotic susceptibility of ninety-nine Salmonella 
spp. isolates was investigated following the National 
Committee for Clinical Laboratory Standards recom-
mendations (NCCLS, 1997). Antibiotics tested inclu-
ded ampicillin 10 μμg (Amp, Oxoid), cephalotin 30 
μμg (Kf, Oxoid), cephotaxime 30 μμg (Ctx, Oxoid), 
compound sulphonamides 300 μμg (S3, Oxoid), sul-
phametoxazole-trimethoprim 25 μμg (Sxt, Oxoid), 
enrofloxacin 5 μμg (Enr, Oxoid), streptomycin 10 
TABLE 1- Sampling places, collecting dates, S. enterica and Listeria spp.  fre-
quencies  
Batch  Sampling locations Date Salmonella spp. Listeria spp.
Number   n+ /  N (%) N+ / N (%)
1 “TORRE” 12 / 97 0/ 20 0 / 20
2 “SANTO AMARO” 12 / 97 1 / 12 (8.3 %) 0 / 12
3 “SANTO AMARO” 01 / 98 3 / 15 (20.0 %) 0 / 15
4 “TORRE” 01 / 98 3 / 18 (16.7 %) 1 / 18 (5.6 %)
5 “TORRE” 02 / 98 0  / 12 1 / 12 (8.3 %)
6 “CARCAVELOS” 03 / 98 1 / 3 (33.3 %) 0 / 3 
7 “CARCAVELOS” 03 / 98 0 / 9 0 / 5
8 “TORRE” 03 / 98 2 / 14 (14.3 %) 1 / 14 (7.1 %)
9 “SANTO AMARO” 04 / 98 3 / 6 (50.0 %) 2 / 6 (33.3 %)
10 “SANTO AMARO” 04 / 98 12 / 20  (60.0 %) 11 / 20 (55.0 %)
11 “CARCAVELOS” 05 / 98 0 / 3 0 / 3 
12 “PAÇO de ARCOS” 05 / 98 1 / 40 (2.5 %) 12 / 40 (30.0 %)
13 “TORRE” 07 / 98 0 / 6 0 / 6
14 “SANTO AMARO” 07 / 98 5 / 16 (31.3 %) 0 / 16
15 “FONTE TELHA” 08 / 98 0 / 32 0 / 32
16 “FONTE TELHA” 08 / 98 6 / 48 (12.5 %) 0 / 48
17 “FONTE TELHA” 08 / 98 0 / 15 0 / 15
TOTAL   37 / 285 (13.0 %) 28 / 285 (9.8 %)
5μμg (S, Oxoid), gentamycin 10 μμg (CN, Oxoid), 
tetracycline 30 μμg (Te, Oxoid), nitrofurantoin 300 
μμg (Fd, Oxoid) and chloramphenicol 10 μμg (C, 
Oxoid).
Eleven isolates of Salmonella Typhimurium were 
phage-typed according to Callow´s method modified 
by Anderson (Anderson et al., 1977).
Eighteen L. monocytogenes isolates were serotyped, 
phage-typed and screened for arsenite and cadmium 
sensitivity as previously described (McLauchlin, 1996; 
McLauchlin et al., 1997).
Results
Thirty seven samples were positive for Salmonella 
(13.0%) (Table 1) and these were found in 10 batches 
(58.8%). They included the following serovars: Sal-
monella Typhimurium (37.8%); S. Derby (18.9%); S. 
Enteritidis (10.8%); S. Agona and S. Hadar (8.1%); 
S. Goettingen, S. Newport and S. Virchow (5.4%); S. 
Bardo, S. Anatum, S.  Infantis, S. Ohio, S. Orion and 
S. enterica subsp. salamae (II) serovar 1,4,12,27:b:- 
(2.7%). S. Typhimurium was isolated in 14 samples; S. 
Typhimurium biotype Copenhagen (5-) was obtained 
from 2 samples and S. Typhimurium 5+ from 12 sam-
ples. Thirty-one (31.3%) of the 99 isolates tested for 
antimicrobial resistance were sensitive to all antibio-
tics. The remaining sixty-eight isolates showed either a 
single resistance to one specific drug (17.2%) or multi-
ple resistance (51.5%), with a maximum of 8 simulta-
neous resistances recorded (Table 2). The highest level 
of antibiotic resistance was observed for tetracycline 
(49.5%), streptomycin (48.5%) and ampicillin (42.4%).
Two different phage-types were found for S. Typhi-
murium 5+ isolates: U302 in 5 samples and PT 12 in 
3 samples.
The largest range of Salmonella spp. serovars (seven) 
was found in “Santo Amaro” beach (Table 3) and two 
different serovars were simultaneously present in six 
samples.  
Twenty-eight samples from 6 different batches 
were contaminated with Listeria sp. (9.8%) (Table 1). 
Listeria monocytogenes was the predominant species 
isolated from 17 samples (6.0%) (Table 4). The others 
found species were: L. seeligeri (0.7%), L. innocua 
(5.3%) and L. welshimeri (0.7%). Five samples were 
simultaneously contaminated with L. monocytogenes 
and L. innocua, one with L. innocua and L. seeligeri 
and L. monocytogenes and one sample L. monocytoge-
nes and L. seeligeri (Table 4). 
Twelve samples (4.2%) were simultaneously con-
taminated with Salmonella and Listeria spp. Higher 
prevalence for both saprozoonotic bacterial - species 
were found in beaches located near the most densely 
populated areas (Table 5). 
L. monocytogenes isolates typed were identified as 
serovars 1/2a (1 isolate); 1/2b (4 isolates) and 4b (13 
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isolates). On the basis of serotyping and phage-typing, 
10 distinct groups were recognised (designated A-J) 
(Table 6). Concerning to sensitivity of L.. monocyto-
genes to arsenic and cadmium, 3 isolates (16.7%) were 
found to be cadmium resistant, 8 isolates (44.4%) were 
arsenic resistant, 10 isolates (55.6%) were arsenic sen-
sitive, 15 isolates (83.3%) were cadmium sensitive, one 
strain (5.5%) was sensitive to both agents. In two sam-
ples, two L. monocytogenes with different characteris-
tics were obtained: in one sample a non phage-typable 
isolate and a page-typable one, both serovar 1/2b, were 
found and in another sample two 4b serovars showed 
different cadmium and arsenic patterns.
Discussion
Birds have always interested epidemiologists as 
flying enables them to be potetial long-range vec-
tors of human and animal diseases. Several studies 
have attempted to establish a relation between birds’ 
migratory movements and the introduction of several 
diseases with uncommon epidemiological features and 
unexpected geographical distribution (Wilson et al., 
1952; Coulson et al., 1983;  Palmgren et al.,  1997; 
Österlund et al.,  2000).
TABLE 2- Antibiotic resistance  profiles of 98 Salmonella iso-
lates tested and frequency.
Profile N= Frequency
Sensitive to all 31 31.3%
SR 8 8.1%
AmpR+ CR+ SR+ TeR+ SxtR+ S3R 8 8.1%
TeR 7 7.1%
SR+ TeR+ S3R 6 6.1%
AmpR+ CR+ SR+ TeR+ SxtR+ S3R+FdR+ CNR 4 4.0%
SR+ TeR 3 3.0%
SR+ SxtR+ S3R 3 3.0%
AmpR+ SR+ TeR+ S3R 3 3.0%
AmpR+ SR+ TeR+KfR 3 3.0%
AmpR+ CR+ SR+ TeR+ S3R 3 3.0%
FdR 2 2.0%
TeR+ S3R 2 2.0%
TeR+ SxtR+ S3R 2 2.0%
AmpR+ TeR+ SxtR+ S3R 2 2.0%
AmpR+ CR+ SR+ SxtR+ S3R+ CNR 2 2.0%
AmpR+ CR+ SR+ TeR+ SxtR+ S3R+ CNR 2 2.0%
AmpR+ KfR 1 1.0%
SxtR + S3R 1 1.0%
AmpR+ SR 1 1.0%
TeR+ KfR 1 1.0%
AmpR+ TeR+ KfR 1 1.0%
AmpR+ KfR+ FdR 1 1.0%
AmpR+ CR+ SR+ TeR+ SxtR+ S3R+KfR 1 1.0%
AmpR+ SR+ TeR+ SxtR+ S3R 
1 
1.0%
Total of isolates tested 98 
R- resistant
Amp- ampicilin, Kf- cephalotin, Ctx- cephotaxime, S3-compound sul-
phonamides, Sxt- sulphametoxazole-trimethoprim, Enr- enrofloxacin, 
S- streptomycin, CN- gentamycin, Te-tetracycline, Fd- nitrofurantoin, 
C- chloramphenicol.
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Listeria sp. and Salmonella  are not considered ende-
mic among wild birds in contrast to other genera like 
Campylobacter spp. (Kapperud and Rosef, 1983). The 
contamination is usually exogenous and reflects the 
salubrity of the feeding resources readily available. 
Gulls can have considerably higher carrier levels of 
pathogenic bacteria when compared with other wild 
bird species, probably due to their scavenging food 
habits (Kapperud and Rosef, 1983; Cízek et al.,  1994; 
Hubálek et al.,  1995; Palmgren et al., 2000). In fact, 
feeding at refuse tips and sewage outlets has been 
associated with higher reproductive success and survi-
val rates in the winter (Hunt, 1972; Monaghan, 1992; 
Pons, 1992; Sol et al.,  1995; Brown and Ewins, 1996; 
Morais et al.,  1998). 
An investigation of gull’s stomach contents collected 
from different colonies in geographicaly close areas, 
shows differences between feeding habits of animals 
from the same species (Brown and Ewins, 1996), 
indicating that carrier rates could be directly related 
to readily available contaminated food resources. A 
previous study, conducted in Lisbon, showed a con-
siderably higher carrier rate of Salmonella (18.0%) in 
city pigeons (Rodeia et al., 1994) than our study does 
for gulls (13.0%). Other authors have already establi-
shed a relationship between the proximity of garbage 
and sludge and the presence of pathogenic bacteria in 
Larids’ faeces (Fenlon, 1981 and 1983; Kapperud and 
Rosef, 1983; Fricker, 1984; Ferns and Mudge, 2000).
In this study, incidence of the two zoonotic bacteria 
was highly variable from batch to batch, ranging from 
0 to 55% for Listeria spp. and 0 to 60% for Salmo-
nella. This variability may reflect differences in the 
contamination of the feeding sources available in the 
area at the period of sampling. The batches sampled 
from the same side of the estuary of Lisbon City, in 
the area with the highest human population density, 
showed higher prevalence “Paço de Arcos”, “Torre”, 
“Carcavelos” and “Santo Amaro” beaches  than 
“Fonte da Telha”. Samples collected from “Fonte da 
Telha” showed the lowest prevalence of isolates from 
both bacteria genera. “Santo Amaro” beach, which is 
exposed to partially treated sewage effluent, was the 
sampling place where the highest isolation rate for Sal-
monella was obtained. “Paço de Arcos” beach, situated 
closest to the city had the highest isolation rate of Lis-
teria spp.  including  L. monocytogenes.
Diversity of Salmonella serovars seems to be related 
to the samples’ origin. A greater diversity and unusual 
serovars were isolated from the batches with lower 
isoalte prevalence and from the less polluted areas 
such as”Fonte da Telha” beach. Less serovars diversity 
opposite seems to occur in batches with higher preva-
lence, because this bird may assess to waters polluted 
with sewage linked to humans and animals excretions 
(Table 5). The presence of specific serovars in sludge 
and sewage and their isolation a few days later in 
gulls’ faeces was already demonstrated in other studies 
(Fenlon, 1983).
Most prevalent Salmonella serovars had common 
epidemiological features with those found more fre-
quently in domestic animals and man in Portugal; 
few exotic serovars were found.. Between 1995 and 
1998, which includes the period of our study, the most 
frequent serovars isolated in Portugal by the national 
reference centre for Salmonella (Machado et al., 1999) 
were S. Enteritidis and S. Typhimurium in humans, 
animals and food. These two serovars have been incre-
asing in relation to others since 1996. S. Derby is the 
third most frequently isolated from food (Machado et 
al., 2000) and the second in our study.
When S. Typhimurium phage-types are compared, 
a comparable pattern were found between results of 
this study and those reports from the national reference 
centre are found: U302 and PT 12 are amongst the four 
TABLE 3 -  Range of  S. enterica serovars by sampling location
 SAMPLING PLACE SEROVARS
  “TORRE” S.Typhimurium
  S. Hadar
  S. Goettingen
  S. Newport
  S. Bardo
 “SANTO AMARO” S.Typhimurium
  S. Derby
  S. Enteritidis
  S. Agona
  S. Anatum
  S. Newport
  S. Orion
 “CARCAVELOS” S. Enteritidis
 “PAÇO DE ARCOS” S. Enteritidis
 “FONTE DA TELHA” S. Derby 
 
 S. Hadar
  S. Virchow
  S. Infantis
  S. Ohio
  S. II 1, 4, 12, 27: b: -
 TABLE 4 - Listeria spp. frequency  
Listeria species n+ (%) Batches n+
L. monocytogenes 17 (6.8%) 5 / 17
L. innocua 15 (5.3%) 5 / 17
L. seeligeri 2 (0.7%) 2 / 17
L. welshimeri 2 (0.7%) 2/17
TOTAL  (*) 28 (9.8%) 6/17
(*) Five samples were simultaneously contaminated with more than one 
Listeria species.
TABLE 5 - Frequency of positive samples for each sampling 
location 
Sampling place N n+ S. enterica  (%) n+ Listeria 
   sp. (%)
FONTE DA TELHA 95 6 (6.3 %) 0
TORRE 70 5 (7.1 %) 3 (4.3 %)
SANTO AMARO 69 24 (34.8 %) 13 (18.1 %)
PAÇO DE ARCOS 40 1 (2.5 %) 12 (30 %)
CARCAVELOS 11 1 (9.1 %) 0
methods as suggested previously (McLauchlin et al.,  
1997) and the diversity of strains that gulls can spread 
into our environment  is shown.
Seasonal prevalence cannot be established in this 
study (data not shown), but some authors found that 
the reproductive season to show statistically significant 
higher carrier rates for Salmonella (Monaghan et al., 
1985). The difference between colonies of the same 
larids’ species and the age of the birds doesn’t seem to 
be statistically relevant for the carrier state (Lévesque 
et al., 1993 and 2000).
No quantitative assessment was undertaken but, in 
previous studies, the larids’ faeces bacterial charge 
was considered insufficient to be infectious for man 
and animals (Fenlon, 1981; Lévesque et al., 1993). 
Others have related the origin of some salmonellosis 
outbreaks in farm animals to these birds (Williams et 
al., 1976 and 1977; Johnston et al., 1979; Coulson et 
al., 1983). 
Public health hazards could be higher considering 
that a 4-day average period of excretion in gulls was 
established in laboratory conditions for Salmonella 
(Girdwood et al., 1985). Previous work showed that 
survival time in seawater and estuarine water, for 
bacteria of the same genera as studied here, was long 
enough for bioaccumulation in shellfish (Monfort et 
al., 2000). Also, the dissemination area could be con-
siderable, for these birds may travel more than 250 
km in less than a week (Monaghan et al., 1985). The 
risk of disseminating pathogens is high as some of the 
species studied, particularly Larus fuscus, spend the 
winter in our coast and return to the North of Europe 
in the reproductive season
The effect of other parameters beyond feed quality 
on excretion of bacteria should also be investigated. 
The existence of several stress factors, heavy metal 
pollution or debilitating concomitant infections, each 
one known to adversely affect the immune system 
should be considered, therefore it will be interesting in 
the future, to evaluate the evolution of excretion along 
other seasons and in other geographic zones, specially 
during Summer, because, at that time, most of feeding 
come directly from non polluted water (open sea).
Antibiotic resistance profiles and typing clearly indi-
cate the anthropogenic source of the bacteria isolated, 
emphasizing defences with respect to confinement and 
treatment of solid residues and effluents in the geogra-
phical area studied. Due to their scavenging habits, 
gulls could be used as indicator of the microbiological 
quality of marine and estuarine coastal areas. The pos-
sibility of studying other parameters in gulls functio-
ning as markers of environmental sanity should also be 
investigated.
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most frequent phage-types of S. Typhimurium isolated 
from animals and humans, between 1996 and 1998 
(Machado et al., 1999). The identified serovars and 
phage-types therefore indicate that isolated strains are 
not specific to larids and are similar to isolates of diffe-
rent origins, including animal and human (Machado et 
al., 1999). 
A very high number of isolates showed antibio-
tic resistance to one or more of the tested drugs. All 
isolates were sensitive to relatively recent molecules 
like enrofloxacin and cephotaxime. These results are 
similar to the antibiotic resistance found by the natio-
nal reference centre for Salmonellae of environmental 
origin (Machado et al., 2000), where a low level of 
antibiotic resistance is shown for third generation 
cephalosporins and quinolones. The highest level of 
resistance observed by Machado et al., 2000 is also 
similar to the results of this study, matching it for 
tetracycline and streptomycin, but not for ampicillin. 
Levels of antibiotic resistance strongly suggest that 
the isolated strains are not specific to larids, and more 
likely to originate from human sources where antibio-
tic usage is high.
L. monocytogenes serovars 1/2a, 1/2b, and 4b were 
recovered from gull’s faeces in this study. These 
results are similar to those described for food isolates 
(McLauchlin et al.,  1997; De Simon and Ferrer, 1998; 
Nichols et al.,  1998) in that strains of serogroup 1/2 
are most frequently recovered. A combination of the 
serotyping together with phage-typing in this study 
showed that at least ten different L. monocytogenes 
strains were recovered. Although the use of cadmium 
and arsenic sensitivities allows the recognition of only 
four different ‘types’ of L. monocytogenes (of which 
three types were recognised here), this method can 
be easily utilised in laboratories without a specialised 
expertise for this bacterium. There is a very high dis-
crimination with the combination of different typing 
TABLE 6 – Characterization of 18 Listeria monocytogenes iso-
lates.
Groups  Sensitivity to: Serovar Phage-type* Number of 
  As  Cd   cultures
A S  R 1/2a NT 1
B S  R 1/2b NT 1 
 S  S 1/2b NT 2
C S  S 1/2b 1 1
D R   S  4b  NT  1 
 S  S 4b NT 3
E R   R  4b  2  1 
 S  S 4b 2 1
F R  S 4b 3 3
G R  S 4b 4 1
H S  S 4b 5 1
I R  S 4b 6 1
J R  S 4b 7 1
Total      18
*Phage-type indistinguishable from the following lytic reaction patterns: 
pattern 1, 881,586; pattern 2, 2389; pattern 3, 2425A; pattern 4, 52, 340, 
110, 108, 2671, 1444, 1317, 2389, 2425A; pattern 5, 2671; pattern 6, 52, 
1317, 2425A; pattern 7, 108, 1317. 
Cd- cadmium, As- arsenic, S- sensitive, R- resistant.
8tific and Technological Investigation (FCT, Portugal). 
L. monocytogenes typing was conduced at the PHLS 
Food Safety Microbiology Service in London under 
the supervision of Dr. J. McLauchlin whichis grate-
fully acknowledged. Authors thank Dr. L. Morais of 
the Berlenga Natural Reserve and Prof. C. Vilela for 
reviewing the manuscript. 
References
Anderson, E. S., Ward, L. R., Saxe, M. J. and Sa, J. D. H. (1977) 
Bacteriophage-typing designations of Salmonella Typhimu-
rium. Journal of Hygiene 78, 297-300.
Arvanitidou, M., Papa, A., Constantinidis, T. C., Danielides, V. and 
Katsouyannopoulos, V. (1997) The occurrence of Listeria 
sp. and Salmonella spp. in surface waters. Microbiological 
Research 152, 395-397.
Benton, C., Khan, F., Monaghan, P., Richards, W. N. and Shedden, 
C. B. (1983) The contamination of a major water supply by 
gulls (Larus sp.). A study of the problem and remedial action 
taken. Water Research 17, 789-798.  
Bouttefroy, A., Lemaître, J. P. and Rousset, A. (1997) Prevalence 
of Listeria sp. In droppings from urban rooks (Corvus frugi-
legus). Journal of Applied Microbiology 82, 641-647.
Brown, K. M., and Ewins, P. J. (1996) Technique-dependent biases 
in determination of diet composition: an example with ring-
billed gulls. The Condor. 98, 34-41.
Cízek, A., Literák, I., Hejlícek, K., Treml, F. and Smola, J. (1994) 
Salmonella contamination of the environment and its inci-
dence in wild birds. Zentralblblatt für Veterinarmed  41, 
320-327.
Coulson, J. C., Butterfield, J. and Thomas, C. (1983) The herring 
gull Larus argentatus as a likely transmitting agent of Sal-
monella montevideo to sheep and cattle. Journal of Hygiene 
(Camb.) 91, 437-443. 
Crewe, S. M. (1967) Worm eggs found in gull droppings. Annals 
of Tropical Medical Parasitology 61, 358.
De Simon, M., and Ferrer, M. D. (1998) Initial numbers, serovars 
and phagovars of Listeria monocytogenes isolated in prepared 
foods in the city of Barcelona (Spain). International Journal 
of  Food Microbiology 44, 141-144.
Fenlon, D. R. (1981) Seagulls (Larus spp.) as vectors of salmo-
nellae: an investigation into the range of serotypes and 
numbers of salmonellae in gull faeces. Journal of Hygiene 
86, 195-202.
Fenlon, D. R. (1983) A comparison of salmonella serotypes found 
in the faeces of gulls feeding at sewage works with serotypes 
present in the sewage. Journal of Hygiene 91, 47-52.
Fenlon, D. R. (1985) Wild birds and silage as reservoir of Listeria 
in the agricultural environment. Journal of Applied Bacte-
riology 59, 537-543.
Fenlon, D. R. (1999) Listeria monocytogenes in the natural envi-
ronment. p. 21-37. In: Listeria, Listeriosis and Food Safety. 
ed Ryser, E. T. and Marth, E. H. 2nd ed. Marcel Dekker Inc. 
New York. 
Ferns, N. P., and Mudge, G. P. (2000) Abundance, diet and Sal-
monella contamination of gulls feeding at sewage outfalls. 
Water Research 34, 2653-2660.
Fricker, C. R. (1984) A note on Salmonella excretion in the black-
headed gull (Larus ribibundus) feeding at sewage treatment 
works. Journal of Applied Bacteriology 56, 499-502.
Furness, R. W., and Monaghan, P. (1987) Seabirds as pests, p.129-
130. In Seabird Ecology. Chapman & Hall, New York.
Garza, J. R, Hasson, K. W., Poulos, B. T., Redman, R. M., White, 
B. L. and Lightner, D. V. (1997) Demonstration of infectious 
Taura Syndrome Virus in the faeces of seagulls collected 
during an epizootic in Texas. Journal of Aquatic and Animal 
Health 9, 156-159.
Girdwood, R. W., Fricker, C. R., Munro, D. and Monaghan, P. 
(1985) The incidence and significance of salmonella car-
riage by gulls (Larus spp.) in Scotland. Journal of Hygiene 
95, 229-241.
Gould, D. J., and Fletcher, M. R. (1978) Gull droppings and their 
effects on water quality. Water Research 12, 665-672.
Hubálek, Z., Sixl, W., Mikulásková, M., Thiel, W., Halouzka, J., 
Juricová, Z., Rosický, B., Mátlová, L., Honza, M., Hájek, V. 
and Sitko, J. (1995) Salmonellae in gulls and other free-living 
birds in the Czech Republic. Central European Journal of 
Public Health 3, 21-24.
Hunt, G. L., Jr. (1972) Influence of food distribution and human 
disturbance on the reproductive success of herring gulls. 
Ecology 53, 1051-1061.
Johnston, W. S., Maclachlan, G. K. and Hopkins, G. F. (1979) The 
possible involvement of seagulls (Larus sp.) in the transmis-
sion of Salmonella to dairy cattle. Veterinary Record 105, 
526-527.
Jones, D. (1991) Foodborne Listeriosis In Foodborne Illness. A 
Lancet Review. ed. Edward Arnold. pp. 68-76. U. K.
Kapperud, G., and Rosef, O. (1983) Avian Wildlife Reservoir of 
Campylobacter fetus subsp. jejuni, Yersinia spp., and Salmo-
nella spp. in Norway. Journal of Applied and Environmental 
Microbiology 45, 375-380.
Lévesque, B., Brousseau, P., Simard, P., Dewailly, E., Meisels, 
M., Ramsay, D. and Joly, J. (1993) Impact of the ring-billed 
gull (Larus delawarensis) on the microbiological quality of 
recreational water. Journal of Applied and Environmental 
Microbiology 59, 1228-1230.
Lévesque, B., Brousseau, P., Bernier, F., Dewailly, E., and Joly, 
J. (2000) Study of the bacterial content of ring-billed gull 
droppings in relation to recreational water quality. Water 
Research 34, 1089-1096.
Machado, J., Vieira, R. and Temudo, J. (1999) Vigilância epide-
miológica laboratorial de Enterobacteriaceae. Informação 
1, 1-3
Machado, J., Vieira, R. and Temudo, J. (2000). Vigilância epide-
miológica laboratorial de Enterobacteriaceae. Informação 
2, 1-3.
McLauchlin, J. (1996) Molecular and conventional typing methods 
for Listeria monocytogenes: the U.K. approach. Journal of 
Food Protection 59, 1102-1105. 
McLauchlin, J., Hampton, M. D., Shah, S., Threlfall, E. J., Wieneke, 
A. A. and Curtis, G. D. W. (1997) Subtyping of Listeria 
monocytogenes on the basis of plasmid profiles and arsenic 
and cadmium susceptibility. Journal of Applied Bacteriol-
ogy 83, 381-388.
Minette, H. P. (1986) Salmonellosis in the marine environment: a 
review and commentary. International Journal of  Zoonoses 
13, 71-75.
Monaghan, P., Shedden, C. B., Ensor, K., Fricker, C. R. and Gird-
wood, R. W. A. (1985) Salmonella carriage by herring gulls 
in the Clyde area of Scotland in relation to their feeding 
ecology. Journal of Applied Ecology 3, 669-680.
Monaghan, P. (1992) Availability and exploitation of food 
resources: Introduction. Ardea 80, 41-43.
Monfort, P., Piclet, G and Plusquellec, A. (2000) Listeria innocua 
and Salmonella panama in estuarine water and seawater: a 
comparative study. Water Research 34 (3), 983-989.
Morais, L., Santos, C. and Vicente, L. (1998) Population increase of 
Yellow-legged gulls Larus cachinnans breeding on Berlenga 
island (Portugal), 1974-1994. Sula 1, 27-37.
NCCLS. 1997. Performance Standards for Antimicrobial Disk and 
Dilution Susceptibility tests for Bacteria Isolated from Ani-
mals; Tentative Standard. NCCLS Document M31-T (ISBN 
1-56238-330-2). NCCLS, 940 West Valley Road, Suite 1400, 
Wayne, Pennsylvania 19087, USA. 
Nichols, G., McLauchlin, J. and Louvois, J. (1998) The contami-
RPCV (2002) 97 (544) 00-00Duartea, E. L., et al
9nation of pâté with Listeria monocytogenes – results from 
the 1994 European Community Co-ordinated Food Control 
Program for England and Wales. Journal of Food Protection 
10, 1299-1304.
Olsen, B., Jaenson, T. G. T. and Bergström, S. (1995) Prevalence 
of Borrelia burgdorferi sensu lato infected ticks on migrating 
birds. Journal of Applied and Environmental Microbiology 
61, 3082-3087.
Österlund, A., and Tauni, M. A. (2000) Outbreak of Salmonella 
typhimurium infection in cats and humans associated with 
infection in wild birds. Journal of Small Animal Practice 
41, 339-341.
Palmgren, H., Sellin, M., Bergström, S. and Olsen, B. (1997) Enter-
opathogenic bacteria in migrating birds arriving in Sweden. 
Scandinavian Journal of Infectious Disease 29, 565-568.
Pons, J. M. (1992) Effects of changes in the availability of human 
refuse on breeding parameters in a Herring gull Larus argen-
tatus population in Brittany, France. Ardea. 80, 143-150.
Quessy, S., and Messier, S. (1992) Prevalence of Salmonella 
spp., Campylobacter spp. and Listeria spp. in ring-billed 
gulls (Larus delawarensis). Journal of Wildlife Disease 28, 
526-531.
Reilly, W. J., Forbes, G. I., Paterson, G. M. and Sharp, J. C. 
M. (1981) Human and animal salmonellosis in Scotland 
associated with environmental contamination 1973-1979. 
Veterinary Record 108, 553-555.        
Rodeia S. C., Bernardo, F. M. A. and Brandão, F. S. (1994) Epide-
miological aspects of Salmonella in urban pigeons. ŒSalmo-
nella em pombos urbanos: Aspectos noso-epidemiológicos. 
Veterinária Técnica 4, 38-44.
Sol, D., Arcos, J. M. and Senar. J. C. (1995) The influence of refuse 
tips on the winter distribution of yellow-legged gulls Larus 
cachinnans. Bird Study 42, 216-221. 
Weber, A., Potel, J. and Schafer-Schmidt, R. (1995) The occur-
rence of Listeria monocytogenes in faecal samples of pigeons. 
Berliner und Munchener Tierarztliche Wochenschrift 108, 
26-27.
Williams, B. M., Richards, P. W. and Lewis, J. (1976) Salmonella 
infection in the herring gull (Larus argentatus). Veterinary 
Record 98, 51.
Williams, B. M., Richards, P. W., Stephens D. P., and Griffiths, 
T. (1977) The transmission of S. livingstone to cattle by 
the herring gull (Larus argentatus). Veterinary Record 100, 
450-451.
Wilson, W. W., and Matheson, R. C. (1952) Bird migration and 
foot-and-mouth disease. Veterinary Record 64, 541.
RPCV (2002) 97 (544) 00-00Duartea, E. L., et al
